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METHOD AND SYSTEM FOR PROVIDING 
A FEEDBACK SIGNAL IN A 
TELECOMMUNICATIONS NETWORK 



TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field of 
telecommunication systems and more specifically to a 
method and system for providing a feedback signal in a 
telecommunications network. 
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BACKGROUND OF THE INVENTION 

Conventional methods for providing a feedback signal 
include embedding alarm signals for line cards in 
software and microprocessor links. These methods also 
5 provide other feedback signals separately from the alarm 

signals. Thus, implementation of conventional methods 
involve complicated hardware and software in the line 
cards, as well as a relatively large number of lines for 
providing the separate signals, which results in lower 
10 efficiency and higher cost. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, a method 
and system for providing a feedback .signal in a 
telecommunications network are provided that 

5 substantially eliminate or reduce the disadvantages and 

problems associated with previously developed systems and 
methods. In particular, a composite feedback signal is 
provided that includes a plurality of messages, allowing 
reduced complexity in system modules and decreasing the 
10 number of lines needed for implementation. 

''Z According to one embodiment of the present 

H invention, a system for providing a feedback signal in a 

5 telecommunications network is disclosed that includes a 

I plurality of bus control modules, a lower level 

H 15 distribution module, and a timing generator. The bus 

~ control modules are operable to generate a feedback 

J signal. The lower level distribution module is coupled 

I . to the bus control modules. The lower level distribution 

t_ module is operable to receive the feedback signal and to 

20 insert feedback information for the lower level 

distribution module into the feedback signal. The timing 
generator is coupled to the lower level distribution 
module. The timing generator is operable to receive the 
feedback signal and to provide the feedback signal to a 
25 controller for response. 

Technical advantages of the present invention 
include providing an improved system for providing a 
feedback signal in a telecommunications network. In 
particular, a composite feedback signal is provided by a 
30 plurality of cards as well as bus control and 
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distribution modules for the system, with each card and 
module operable to insert feedback information into a 
specified location of the signal. As a result, a single 
feedback signal is provided from a plurality of cards and 
modules to a central controller for response. 

Other technical advantages will be readily apparent 
to one skilled in the art from the following figures, 
descriptions, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and for further features and advantages, 
reference is now made to the following description, taken 
in conjunction with the accompanying drawings, in which: 

FIGURE 1 is a block diagram illustrating an 
exemplary telecommunications network such as an advanced 
intelligent network for use in connection with the 
present invention; 

FIGURE 2A is a block diagram illustrating a one- 
level system for distributing a synchronization signal in 
a telecommunications network such as the network of 
FIGURE 1 in accordance with one embodiment of the present 
invention; 

FIGURE 2B is a block diagram illustrating a two- 
level system for distributing a synchronization signal in 
a telecommunications network such as the network of 
FIGURE 1 in accordance with another embodiment of the 
present invention; 

FIGURES 3A-B are a block diagram illustrating a 
two-level, redundant system for distributing a 
synchronization signal in a telecommunications network 
such as the network of FIGURE 1 in accordance with one 
embodiment of the present invention; 

FIGURE 4A is a block diagram illustrating a frame 
structure for a synchronization signal distributed by the 
system of FIGURE 3 in accordance with one embodiment of 
the present invention; 

FIGURE 4B is a block diagram illustrating a frame 
structure for a feedback signal provided by the system of 
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FIGURE 3 in accordance with one embodiment of the present 
invention; 

FIGURE 5 is a flow diagram illustrating a method for 
distributing a synchronization signal in a 

telecommunications network such as the network of 
FIGURE 1 in accordance with one embodiment of the present 
invention; and 

FIGURE 6 is a flow diagram illustrating a method for 
providing a feedback signal in a telecommunications 
network such as the network of FIGURE 1 in accordance 
with one embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a block diagram illustrating an advanced 
intelligent network 10 for use in connection with the 
present invention. The advanced intelligent network 10 
5 includes a service management system 12 that interfaces 

with a plurality of service control points 14 and a 
plurality of signal transfer points 16 via an industry 
standard protocol, such as X.25. The service management 
system 12 provides network information, database 

10 management, and administrative support for the advanced 

intelligent network 10. The service management system 12 
generally interfaces with service control points 14 for 
provisioning, database management, service control point 
application program management, and collecting traffic 

15 metering measurement data. 

The service control points 14 may be directly linked 
to the signal transfer points 16 via a' signaling system 
number 7 link set 18. The signal transfer points 16 are 
further coupled through signaling system number 7 link 

20 set 18 to one or more service switching points 20, which 

perform switching and call handling functions in the 
network 10. The service control points 14 are 

transaction-based processing systems whose primary 
responsibility is to respond to queries from service 

25 switching points 20 for data needed to complete the 

routing of a call. The service switching points 20 are 
part of a public switched telephone network and are 
coupled to the telephone service subscribers, which 
include wire-based telephones and wireless telephones 22, 
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intelligent peripherals 24 and home location registers 
26 . 

A service creation environment 28 allows the 
creation and testing of service logic programs outside of 
5 the network 10. Completed service logic programs are 

downloaded to the service control points 14 and the 
signal transfer points 16 through the service management 
system 12 for execution on the network 10. 

FIGURE 2A is a block diagram illustrating a one- 

10 level system 100 for distributing a synchronization 

signal in a telecommunications network such as the 
network 10 in accordance with one embodiment of the 
present invention. The system 100 comprises a timing 
generator 102 and one or more racks 103. The timing 

15 generator 102 generates timing and control signals for 

distribution to the racks 103 of the system 100 in a 
framed signal that includes fields for transmitting 
specific types of data. Thus, since the timing generator 
102 provides the timing and control signals, downstream 

20 modules in the racks 103 of the system 100 may be 

designed without the complicated hardware and/or software 
required to generate these signals. This reduces the 
cost and increases the efficiency of the system 100. 

The rack 103 comprises a distribution module 104 and 

25 a plurality of shelves 106. Each shelf 106 comprises one 

or more bus control modules 108. In operation, the 
distribution module 104 receives the framed signal from 
the timing generator 102 and distributes the signal to 
the bus control modules 108. The bus control modules 108 

3 0 distribute the signal to cards (not shown in FIGURE 2A) 
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inserted into the shelves 106. Although the illustrated 
embodiment includes one bus control module 10 8 for each 
shelf 106, it will be understood that each shelf 106 may 
include any suitable number of bus control modules 108 
without departing from the scope of the present 
invention . 

According to one embodiment, the bus control modules 
108 receive a feedback signal, which includes signal 
status information, and a derived clock signal from each 
of the cards inserted into the shelves 106. The bus 
control modules 108 transmit signals to the distribution 
module 104 based on the signals from the cards, and the 
distribution module 104 transmits signals to the timing 
generator 102 based on the signals from the bus control 
modules 108. The timing generator 102 selects one of the 
derived clock signals received from the distribution 
module 104 for distribution to the system 100 as a timing 
signal. 

FIGURE 2B is a block diagram illustrating a two- 
level system 12 0 for distributing a synchronization 
signal in a telecommunications network such as the 
network 10 in accordance with another embodiment of the 
present invention. The system 120 comprises a timing 
generator 122, a distribution module 124 and a plurality 
of racks 12 5a-b which operate in a manner similar to the 
components of the system 100. 

In one embodiment, the timing generator 122 
generates timing and control signals for distribution to 
the racks 12 5a-b of the system 12 0 through the 
distribution module 124 in a framed signal. Thus, 
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downstream modules of the system 12 0 may be designed 
without the complicated hardware and/or software required 
to generate these signals. The racks 125a-b each 

comprise a distribution module 126a-b and a plurality of 
shelves 128a-b. Each shelf 128a-b comprises one or more 
bus control modules 13 0a-b. 

In operation, the distribution module 124 receives 
the framed signal from the timing generator 122 and 
distributes the signal to the distribution modules 126a-b 
of the racks 125a-b. The distribution modules 126a-b 
distribute the signal to the bus control modules 130a-b, 
which distribute the signal to cards (not shown in 
FIGURE 2B) inserted into the shelves 128a-b. 

• According to one embodiment, the bus control modules 
130a-b receive a derived clock signal and a feedback 
signal from each of the cards inserted into the shelves 
128a-b. The bus control modules 130a-b transmit signals 
to the corresponding distribution modules 12 6a-b based on 
the signals from the cards, and the distribution modules 
126a-b transmit signals to the distribution module 124 
based on the signals from the bus control modules 13 0a-b. 
The distribution module 124 then transmits signals to the 
timing generator 122 based on the signals from the 
distribution modules 126a-b. The timing generator 122 
selects one of the derived clock signals received from 
the distribution module 124 for distribution through the 
system 120 as a timing signal. 

FIGURES 3A-B are a block diagram illustrating a two- 
level, redundant system 200 for distributing a 
synchronization signal in a telecommunications network 
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such as the network 10 in accordance with one embodiment 



redundant planes 201a-b of components for providing 
communication within the system 200. Each plane 201a-b 
is operable to distribute a synchronization signal and 
serves as a backup in the event of a failure in the other 



comprises two planes 201a-b, it will be understood that 
the system 2 00 may comprise any suitable number of planes 
without departing from the scope of the present 
invention . 

For the illustrated two-level embodiment, each plane 
201a-b comprises a timing generator 202a-b, an upper 
level distribution module 206a-b, and a rack 207 
comprising a plurality of lower level distribution 
modules 208a-b and a plurality of shelves 209. As will 
be described in more detail below, each timing generator 
202a-b communicates with a upper level distribution 
module 206a-b which communicates with a plurality of 
lower level distribution modules 208a-b. Each lower 
level distribution module 208a-b communicates with a 
plurality of shelves 209, each of which also communicates 
with the lower level distribution module 208a-b of the 
redundant plane 201a-b. 

Each shelf 209 comprises a bus control module 210a 
for communicating with a card 212a over a back plane (not 
shown) and a bus control module 210b for communicating 
with a card 212b over a redundant back plane (not shown) . 
Although the illustrated embodiment includes one card 
212a and one card 212b, it will be understood that any 



of the present invention . 



The system 2 00 comprises 



plane 201a-b. 



Although the illustrated system 200 
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suitable number of cards 212a-b may be included without 
departing from the scope of the present invention. For 
an exemplary embodiment, each shelf 209 comprises eight 
cards 212a and eight cards 212b. 
5 Additionally, the timing generators 2 02a-b receive 

signals from the system 2 00 that include signal status 
information and derived clock signals . The timing 

generators 202a-b may select a derived clock signal as a 
timing signal to distribute through the system 200. 

10 Although the illustrated embodiment comprises two 

levels of distribution modules 206a-b and 208a-b / it will 
be understood that any suitable number of levels may be 
included without departing from the scope of the present 
invention. For one embodiment, each rack comprises a 

15 lower level distribution module. Thus, a one level 

system may comprise one lower level distribution module. 
Each additional level added to the system may comprise a 
distribution module capable of communicating with a 
specified number of downstream distribution modules. 

2 0 Thus, a two- level system may comprise one upper 

level distribution module with eight ports for 
communicating with eight downstream distribution modules 
and eight racks, each comprising a lower level 
distribution module. Likewise, a three-level system may 

25 comprise one upper level distribution module with twelve 

ports for communicating with twelve downstream 
distribution modules, twelve intermediate level 
distribution modules each with eight ports for 
communicating with eight downstream distribution modules, 
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and eight racks, each comprising a lower level 
• distribution module. 

Returning to the two- level embodiment illustrated in 
FIGURES 3A-B, the timing generator 2 02a may comprise a 
5 compact peripheral component interface (cPCI) compatible 

timing card located in an administration shelf of the 
system 200. The timing generator 202a may comprise an 
onboard system synchronizer circuit that meets Stratum 3 
requirements for jitter, wander, free-run accuracy, and 

10 holdover. The circuit of the timing generator 2 02a may 

implement frequency locking of the time base to an 
external synchronization signal. In one embodiment, the 
timing generator 202a may be configured to work in a 
master- slave mode with the timing generator 2 02b in order 

15 to minimize the skew between corresponding timing signals 

generated by the timing generators 2 02a-b. 

According to one embodiment, the distribution 
modules 206a-b and 208a-b comprise circuit cards that 
distribute signals to and receive signals from other 

20 distribution modules or shelves 209. The distribution 

modules 206a-b and 208a-b may be located in an 
administration shelf of the system 200 near a power 
supply unit. The rack 207 may comprise a European 
Telecommunications Standards Institute rack or other 

25 suitable rack. 

In one embodiment, the timing generator 2 02a 
receives external signals from an external reference 
218a. The external reference 218a may be a DS1/E1 
signal, a building- integrated timing source signal, a 

30 sine wave input, a derived timing signal, a composite 
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clock signal or any other suitable signal . The external 
reference 218a may be received over a twisted pair, a 
coaxial cable or other suitable input line. 

Based on the external reference 218a, the timing 
generator 2 02a generates control and timing signals for 
distribution through the plane 2 01a. Since the timing 
generator 2 02a provides the timing and control signals, 
downstream modules such as distribution modules 206a and 
208a and the bus control module 210a are not required to 
include the complicated hardware and/or software 
necessary for generating these signals. Thus, the 

hardware and software design of the system 200 is 
simplified, resulting in increased efficiency and reduced 
costs . 

According to one embodiment, the timing generator 
202a communicates a clock signal 222 and a framed signal, 
such as a superframe indicator (SFI) signal 224, to the 
timing generator 202b of plane 201b and to the upper 
level distribution module 2 06a. The clock signal 222 may 
comprise a 19.44 MHz system clock signal or any other 
suitable clock signal. As described in more detail below 
in connection with FIGURE 4A, the SFI signal 224 includes 
timing and control signals and distributes timing and 
control information to individual modules of the system 
200. In this way, the SFI signal 224 synchronizes the 
cards 212a-b with the system 200 and allows messages to 
be distributed to each card 212a-b from a central 
location. The timing generator 202b operates in a manner 
similar to the timing generator 202a. 
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For example, the SFI signal 224 may include 
information that instructs each module on which signal to 
use as a timing signal. The control signals may comprise 
information directing the operation of the system 200, 
such as instructions regarding which plane 201a-b is 
active and which plane 201a-b is inactive. The control 
signals may also include time of day, reset commands, 
alarms, frame indicators, tones, announcements, and any 
other suitable signals. By including these signals in 
the SFI signal 224, the system 200 reduces the complexity 
of hardware and software required for the system 200. 

The upper level distribution module 2 0 6a receives 
the clock signal 222 and the SFI signal 224 from the 
timing generator 2 02a and sends the signals 222 and 224 
to the lower level distribution module 208a. The lower 
level distribution module 208a sends the signals 222 and 
224 to the shelf 209. The lower level distribution 
module 208a receives a derived clock signal 226 and a 
feedback signal 228 from the shelf 209 and transmits the 
signals 226 and 228 to the upper level distribution 
module 206a, which transmits the signals 226 and 228 to 
the timing generator 202a. The distribution modules 206a 
and 208a may use a field programmable gate array (FPGA) , 
application-specific integrated circuit, software or 
other suitable device to monitor signals, align signals, 
extract data from signals, discard defective information, 
report problems using the feedback signal 228, or perform 
other suitable functions. According to one embodiment, a 
Xilinx 4028XLA SRAM-based FPGA in a 240 -pin PQSP package 
is used to perform these functions. . The upper level 
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distribution modules 206b and 208b operate in a manner 
similar to the distribution modules 206a and 208a. 

According to one embodiment, the lower level 
distribution modules 208a and 208b transmit the clock 
signal 222 and the SFI signal 224 to the bus control 
modules 210a and 210b of the shelf 209. Although the 
illustrated shelf 209 comprises two bus control modules 
210a-b, it will be understood that the shelf 209 may 
comprise any suitable number of bus control modules 
without departing from the scope of the present 
invention . 

According to one embodiment, the bus control module 
210a comprises a bus control card that, in conjunction 
with the bus control module 210b, distributes timing and 
other signals to the card 212a inserted into the shelf 
209. The bus control module 210a receives pairs of clock 
signals 222 and SFI signals 224 from the lower level 
distribution modules 208a and 208b. The bus control 
module 210a aligns the signals, selects the highest 
quality signal from each pair of signals using a 
selector, and distributes the selected signals to the 
card 212a. The card 212a may comprise a simple board, an 
intelligent slave, a PCI bus master, or the like, for 
performing functions for the system 200. 

The bus control module 210a also receives the 
derived clock signal 226 and the feedback signal 228 from 
the card 212a. A status generator of the bus control 
module 210a monitors the status using feedback signals 
22 8 and reports the signal status on output feedback 
signals. A selector of the bus control module 210a 
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selects the highest quality derived clock signals 226 and 
sends the signals to the lower level distribution modules 
2 0 8a-b. The bus control module 210b operates in a manner 
similar to the bus control module 210a. 
5 The lower level distribution module 2 08a receives 

the derived clock signal 226 and feedback signal 228 from 
the shelf 209, multiplexes the signals, and transmits 
signals 226 and 228 to the upper level distribution 
module 206a, which in turn transmits the signals 226 and 
10 228 to the timing generator 202a. Control pins may be 

used to define the transceivers that receive the signals 
2 2 6 and 2 2 8. 

The timing generator 2 02a receives a derived clock 
signal 226 and a feedback signal 228 from the upper level 

15 distribution module 206a and the timing generator 202b. 

The derived clock signal 226 and the feedback signal 228 
are transmitted from the shelf 209 to the bus control 
module 210a, through the distribution modules 206a-208a, 
and to the timing generator 2 02a. The derived clock 

2 0 signal 226 may include, for example, an 8 kHz derived 

clock signal from a network interface. The timing 
generator 202a may select the derived clock signal 226 as 
a timing signal to distribute through the plane 201a 
using the SFI signal 224. The feedback signal 228 

2 5 includes alarms and other signals collected from the 

shelf 2 09, the bus- control module 210a and the upper 
level distribution modules 206a-208a. The timing 

generator 202a may implement corrective action in 
response to the feedback signal 228. 

3 0 Thus, messages are transmitted both downstream and 
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upstream between the timing generator 2 02a and the card 
212a. For the exemplary embodiment, a message included 
in the SFI signal 224 for the card 212a comprises a shelf 
identifier. For the three- level embodiment previously 
5 described, the timing generator 202a provides the SFI 

signal 224 to the upper level distribution module without 
a shelf identifier. The upper level distribution module 
inserts the most significant nibble (MSN) of the shelf 
identifier into the SFI signal 224. Because each 

10 intermediate level distribution module communicates with 

different shelves 2 09, the MSN inserted by the upper 
level distribution module is different for each port so 
that each intermediate level distribution module receives 
a different MSN for the shelf identifier. 

15 Similarly, the intermediate level distribution 

modules insert the second nibble of the shelf identifier 
into the SFI signal 224. Because each lower level 
distribution module communicates with a plurality of 
shelves .209, the second nibble inserted by the 

20 intermediate level distribution module is different for 

each port so that each lower level distribution module 
receives a different second nibble for the shelf 
identifier . 

Finally, the lower level distribution module inserts 
25 the least significant nibble (LSN) of the shelf 

identifier into the SFI signal 224 before providing the 
SFI signal 224 to each shelf 209. Because each lower 
level distribution module communicates with a plurality 
of shelves 209, the LSN inserted by the lower level 
30 distribution module is different for each port so that 
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each shelf 209 receives a different shelf identifier. 

FIGURE 4A is a block diagram illustrating a frame 
structure 300 for a synchronization signal, such as the 
superframe indicator (SFI) signal 224, distributed by the 
system 2 00 in accordance with one embodiment of the 
present invention. In accordance with an exemplary 

embodiment, the SFI signal 224 comprises ninety-six 
frames 304. This allows both Tl and El standards to be 
met because a Tl signal includes twenty- four frames and 
an El signal includes sixteen frames. Thus, as ninety- 
six is evenly divisible by both twenty- four and sixteen, 
the Tl and El signals may be provided in the SFI signal 
224 with ninety-six frames 304. It will be understood, 
however, that the SFI signal 224 may include any other 
suitable number of frames 3 04 without departing from the 
scope of the present invention. 

For the exemplary embodiment, each frame 3 04 is 
approximately 125 microseconds, making the SFI signal 224 
approximately 12 milliseconds. In addition, the timing 
of the SFI signal 224 may be based on a composite clock 
signal from the timing generator 202a-b, with one frame 
304 of the SFI signal 224 provided in each clock cycle. 
The SFI signal 224 may also comprise the byte phase of 
the composite clock signal . 

Each frame 304 comprises a header 306, a frame count 
308 and a body 310. According to the exemplary 

embodiment, the frame 304 comprises thirty fields 312, 
four for the header 30 6, one for the frame count 3 08, and 
twenty-five for the body 310. It will be understood, 
however, that the frame 3 04 may comprise any suitable 
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number of fields 312 without departing from the scope of 
the present invention. 

At least three forms of error detection are provided 
for allowing the modules of a telecommunication system to 



error detection includes bit repeating. Each bit in the 
frame 3 04 is repeated twice with the exception of a 
synchronization word, as described in more detail below. 
Thus, a two-bit violation occurs when a 010 or a 101 is 
encountered in the frame 3 04 after the synchronization 
word. The second form of error detection includes a bit 
interleaved parity (BIP) byte that allows the modules to 
check the parity for the frame 304. The third form of 
error detection includes message repeating. Each control 
message in the frame 304 is transmitted in at least three 
consecutive frames 304. Thus, a violation occurs when a 
control message fails to be repeated in at least three 
consecutive frames 304. It will be understood that the 
bits and control messages may be repeated any suitable 
number of times without departing from the scope of the 
present invention. It will also be understood that any 
other suitable forms of error detection may be provided 
without departing from the scope of the present 
invention. If any error is detected, the frame 304 is 
discarded . 

For the exemplary embodiment, the header 3 06 of the 
frame 304 comprises four fields 312. Field 1 comprises a 
six-bit synchronization word. As described above, each 
bit in the frame 304, other than those in Field 1, is 
repeated for error detection. Thus, a 010 or a 101 



detect errors within a frame 3 04. 



The first form of 
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appearing in Fields 2-30 indicates an error. Because of 
this bit repeating for error detection, the six-bit 
synchronization word in Field 1 of the header 306 may 
comprise the string 010101 or, alternatively, 101010. 
Thus, a relatively short, yet extremely reliable, 
synchronization word is provided, with false 
synchronization words only possible in the presence of a 
series of two-bit violations in the remaining fields 312. 

Field 2 comprises two bits for a time stamp. For 
example, according to one embodiment, the time stamp may 
comprise 00 for a string of sixty-seven consecutive SFI 
signals 224 and may comprise 11 for the sixty-eighth SFI 
signal 224. It will be understood that other suitable 
forms of time stamping may be used without departing from 
the scope of the present invention. Field 3 comprises 
four bits for identifying a distribution module 206a-b or 
208a-b. Field 4 comprises two bits for identifying which 
plane 201a or 201b is to be used. Thus, for example, 
Field 4 may comprise 00 to indicate that plane 201a is to 
be used and may comprise 11 to indicate that plane 201b 
is to be used. It will be understood that the planes 
201a-b may be identified by any suitable combination of 
bits . 

According to the exemplary embodiment, the frame 
count 308 comprises one field 312. For this embodiment, 
Field 5 comprises eight bits that identify the frame 304 
by a number 0 through 95 which indicates the location of 
the frame 304 within the SFI signal 224. 

For the exemplary embodiment, the body 310 comprises 
twenty-five fields 312. Field 6 comprises eight bits, 
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three of which indicate an SFI count from 0 to 7, one of 
which indicates the status of the SFI signal 224, one of 
which indicates the status of the clock signal 222, and 
three of which may be used to communicate any suitable 
5 data. Field 7 comprises six bytes for providing the time 

of day. Field 8 comprises sixty- four bytes which provide 
the S12 tone bus. 

Field 9 comprises four bits for providing the most 
significant nibble of the shelf identifier. As described 
10 in more detail above in connection with FIGURE 3, these 

^% four bits are inserted by an upper level distribution 

f t n module. For the embodiment in which the upper level 

j"5 distribution modules provide signals to twelve 

];r intermediate level distribution modules, the value in 

5. —3 

IM 15 Field 9 ranges from 0000 to 1011. 

Field 10 comprises four bits for providing the 
I. J second nibble of the shelf identifier. These four bits 

|!l are inserted by an intermediate level distribution 

j;f module. For the embodiment in which the intermediate 

20 level distribution modules provide signals to eight lower 

level distribution modules, this value ranges from 0000 
to 0111. 

Field 11 comprises eight bits, four of which provide 
the least significant nibble of the shelf identifier. 

2 5 These four bits are inserted by a lower level 

distribution module. For the embodiment in which the 
lower level distribution modules provide signals to 
twelve bus control modules, this value ranges from 0000 
to 1011. The remaining four bits of Field 11 may be used 

30 to communicate any suitable data. 
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Fields 12-14 include the same information as Fields 
9-11 in order to ensure valid bit interleaved parity for 
the frame 304. Thus, Field 12 comprises four bits for 
providing the most significant nibble of the shelf 



level distribution module. For the embodiment in which 
the upper level distribution modules provide signals to 
twelve intermediate level distribution modules, this 
value ranges from 0000 to 1011. 

Field 13 comprises four bits for providing the 
second nibble of the shelf identifier. These four bits 
are inserted by an intermediate level distribution 
module. For the embodiment in which the intermediate 
level distribution modules provide signals to eight lower 
level distribution modules, this value ranges from 0000 
to 0111. 

Field 14 comprises eight bits, four of which provide 
the least significant nibble of the shelf identifier. 
These four bits are inserted by a lower level 
distribution module. For the embodiment in which the 
lower level distribution modules provide signals to 
twelve bus control modules, this value ranges from 0000 
to 1011. The remaining four bits of Field 14 may be used 
to communicate any suitable data. 

Field 15 comprises eight bits, one of which 
indicates whether or not a clock has been selected by an 
upper level distribution module 206a-b, four of which 
identify a selected port, one of which may be set to 
force an alarm, and two of which may be used for 
communicating any suitable data. Field 16 comprises 



identifier . 



These four bits are inserted by an upper 
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eight bits, one of which indicates whether or not a clock 
has been selected by an intermediate level distribution 
module, four of which identify a selected port, one of 
which may be set to force an alarm, and two of which may 
5 be used for communicating any suitable data. Field 17 

comprises eight bits, one of which indicates whether or 
not a clock has been selected by a lower level 
distribution module 208a-b, four of which identify a 
selected port, one of which may be set to force an alarm, 

10 and two of which may be used for communicating any 

suitable data. 

Fields 18-27 each comprise six bytes allocated for a 
particular shelf 2 09. For the exemplary embodiment, the 
first byte in each of Fields 18-27 provides reset 

15 information. Thus, each bit may represent one of eight 

slots for receiving cards 212 in a shelf 209 and may be 
changed from 0 to 1 or from 1 to 0 to indicate that the 
corresponding slot should be reset. The second byte 
comprises a bit for resetting the bus control module 210, 

20 a bit for resetting a first Ethernet switch, a bit for 

resetting a second Ethernet switch, a reserved reset bit, 
a bit which may be set to cause a loop back 8 kHz and 
three bits for II, 12 and 13. The third byte comprises 
power down information. Each bit indicates whether or 

2 5 not a corresponding slot should be powered down. 

The fourth byte comprises a bit that indicates 
whether or not a clock has been selected by the bus 
control module 210, three bits to identify the selected 
clock, two bits to identify the selected plane 201a-b, 

3 0 one bit for turning on or off a rack alarm, and one bit 
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to force shelf alarms. The fifth byte comprises four 
bits for a synchronization status message code, one bit 
for indicating errors on plane 201a, one bit for 
indicating errors on plane 201b, and two bits for 



comprises eight bits allocated to tri-state the back 
plane signals for each printed board assembly such as a 
card 212 . 

Field 2 8 comprises five bytes for communicating any 
suitable data. Field 2 9 comprises six bytes allocated 
for the system alarm card. Field 3 0 comprises one byte 
for providing a BIP check. 

FIGURE 4B is a block diagram illustrating a frame 
structure 350 for a feedback signal 228 provided by the 
system 2 00 in accordance with one embodiment of the 
present invention. According to the exemplary 

embodiment, the feedback signal 228 comprises 768 frames, 
with eight frames provided for each of ninety- six racks. 
Each frame is approximately 12 5 microseconds, making the 
feedback signal 228 approximately 96 milliseconds. 

In accordance with the exemplary embodiment, the 
frame structure 350 comprises three different types of 
frames: a high frame 354, an intermediate/low frame 356, 
and a bus control frame 358. Thus, the frames 354, 356 
and 358 are allocated for specified modules to transmit 
information upstream. For the exemplary embodiment, the 
high frame 354 comprises Frame 0, which is allocated for 
the upper level distribution module. The 
intermediate/low frames 356 comprise Frames 1 + 64n (n = 
0 to 11) , which are allocated for the intermediate level 



communicating any 



suitable 



data . 



The sixth byte 
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distribution modules, and also Frames 1 + 8n (n = 0 to 
95) , which are allocated for the lower level distribution 
modules. As described in more detail below, the 

intermediate/low frames 356 provide for transmitting 
information from both types of modules within the same 
frame 356. The bus control frames 358 comprise Frames 
X + 8n (X = 2 to 7, n = 0 to 95) , which are each 
allocated for a pair of bus control modules 210a-b. 
Thus, each module 206a-b, 208a-b and 210a-b is provided a 
specified frame within the feedback signal 228 for 
inserting status information to be communicated to the 
system 200. As the status information from all these 
components is provided within a single feedback signal 
228, the number of lines needed to provide the status 
information is reduced. In accordance with one 

embodiment, Frames 8n (n = 1 to 95) are empty. 

For the exemplary embodiment, the high frame 354, or 
Frame 0, comprises eight fields 364. However, it will be 
understood that Frame 0 may comprise any suitable number 
of fields 364 without departing from the scope of the 
present invention . 

According to the exemplary embodiment, Field 1 of 
Frame 0 comprises one byte --for- providing an alignment 
pattern. Field 2 comprises one byte for providing 
miscellaneous signals. Field 3 comprises two bytes for 
providing a loss of alignment feedback signal. Field 4 
comprises two bytes for indicating inbound errors, with 
one bit provided for each port. Field 5 comprises one 
byte for clock selection. Field 6 comprises four bits 
for providing bit interleaved parity. Field 7 comprises 
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7.5 bytes for communicating any suitable data. Field 8 
comprises 1.5 bits and is designated as an empty field 
364. Thus, Field 8 is forced to a zero in order to allow 
synchronization for a following frame. 

For the exemplary embodiment, the intermediate/low 
frames 356 comprise thirteen fields 366. However, it 
will be understood that the frames 356 may comprise any 
suitable number of fields 366 without departing from the 
scope of the present invention . Because one out of every 
eight of the intermediate/low frames 356 are allocated 
for both an intermediate level distribution module and a 
lower level distribution module, the first six fields 366 
of each intermediate/low frame 356 include information 
from the intermediate level distribution modules in only 
one out of eight intermediate/low frames 356. For the 
remaining seven out of eight intermediate/ low frames 3 56 , 
the first six fields 366 are empty. For all the 

intermediate/low frames 356, Fields 7-12 include 
information from the lower level distribution modules. 

Field 1 comprises two bits for communicating any 
suitable data, one bit for indicating the detection of an 
outbound SFI error, one bit for indicating a loss of the 
feedback signal 22 8", one bit" for "indicating a - loss -of -the— 
selected 8 kHz clock, two bits to indicate the level of 
the distribution module and one bit to indicate the 
selected plane 201a-b. According to one embodiment, the 
bits to indicate the level of the distribution module may 
be 11 for the upper level distribution modules, 10 for 
intermediate level distribution modules , and 01 for lower 
level distribution modules. Field 2 comprises eight 
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bits, four of which provide an identifier for the 
distribution module and four of which communicate any- 
suitable data. 

Field 3 comprises two bytes for indicating a loss of 
5 alignment status for each of twelve corresponding ports. 

Field 4 comprises two bytes for indicating a loss of 
signal status for each of twelve corresponding ports. 
Field 5 comprises eight bits, one for indicating that an 
8 kHz clock has been selected, four for indicating which 

10 8 kHz port has been selected, one for indicating that a 

forced alarm bit has been received, one for indicating 
that a system alarm has occurred in the previous feedback 
signal 228, and one for indicating that a BIP error was 
detected by a timing generator 202a-b. Field 6 comprises 

15 four bits for BIP checking. 

Field 7 comprises two bits for communicating any 
suitable data, one bit for indicating the detection of an 
outbound SFI error, one bit for indicating a loss of the 
feedback signal 228, one bit for indicating a loss of the 

20 selected 8 kHz clock, two bits to indicate the level of 

the distribution module and one bit to indicate the 
selected plane 201a-b. According to one embodiment, the 
bits to indicate the level of the distribution module -may 
be 11 for the upper level distribution modules, 10 for 

25 intermediate level distribution modules, and 01 for lower 

level distribution modules. Field 8 comprises eight 
bits, four of which provide an identifier for the 
distribution module and four of which communicate any 
suitable data. 
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Field 9 comprises two bytes for indicating a loss of 
alignment status for each of sixteen corresponding ports. 
Field 10 comprises two bytes for indicating a loss of 
signal status for each of sixteen corresponding ports. 
5 Field 11 comprises eight bits, one for indicating that an 

8 kHz clock has been selected, four for indicating which 
8 kHz port has been selected, one for indicating that a 
forced alarm bit has been received, one for indicating 
that a system alarm has occurred in the previous feedback 

10 signal 228, and one for indicating that a BIP error was 

detected by a timing generator 202a-b. Field 12 

comprises four bits for BIP checking. Field 13, which 
comprises 1.5 bits, is forced to zero in order to allow 
synchronization for a following frame. 

15 For the exemplary embodiment, the bus control frames 

358 comprise thirteen fields 368. However, it will be 
understood that the frames 3 58 may comprise any suitable 
number of fields 368 without departing from the scope of 
the present invention. The first six fields include 

20 information from the bus control modules for planes 201a, 

and the next six fields include information from the bus 
control modules for planes 201b. 

Field 1 comprises two bytes. These bytes include 
two bits for indicating an alarm for a first power 

25 supply, two bits for indicating an alarm for a second 

power supply, two bits for indicating two fan alarms, two 
bits for indicating an Ethernet switch power alarm, one 
bit for indicating a breaker panel alarm, one bit for 
temperature control, one bit for indicating the loss of 

30 plane 201a, one bit for indicating the loss of plane 
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201b, one bit for indicating a two-bit violation for 
plane 201a, one bit for indicating a two-bit violation 
for plane 201b, one bit for indicating that a forced 
alarm bit was received, and one bit for communicating any 
suitable data. 

Field 2 comprises two bytes. These bytes include 
twelve bits for providing a bus control module 
identifier, one bit for indicating that an 8 kHz clock 
has been selected, and three bits to identify which clock 
has been selected. Field 3 comprises eight bits for 
indicating the status of a printed board assembly such as 
a card 212 for each of eight corresponding slots. Field 
4 comprises eight bits for indicating the presence of a 
printed board assembly such as a card 212 in each of 
eight corresponding slots. 

Field 5 comprises eight bits, one for indicating 
that a mismatched plane assignment was detected, one for 
indicating which plane 201a-b was selected, one for 
indicating that a system-slot-installed bit was received, 
one for indicating that an SFI plane alignment error was 
generated, one for indicating the loss of the selected 
8 kHz clock, one for indicating an alarm from a bus 
control module 210a-b, and one for indicating that a BIP 
error was detected. Field 6 comprises four bits for 
providing BIP checking. 

Field 7 comprises two bytes. These bytes include 
two bits for indicating an alarm for a first power 
supply, two bits for indicating an alarm for a second 
power supply, two bits for indicating two fan alarms, two 
bits for indicating an Ethernet switch power alarm, one 
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bit for indicating a breaker panel alarm, one bit for 
temperature control, one bit for indicating the loss of 
plane 201a, one bit for indicating the loss of plane 
201b, one bit for indicating a two-bit violation for 
plane 201a, one bit for indicating a two-bit violation 
for plane 201b, one bit for indicating that a forced 
alarm bit was received, and one bit for communicating any 
suitable data. 

Field 8 comprises two bytes. These bytes include 
twelve bits for providing a bus control module 
identifier, one bit for indicating that an 8 kHz clock 
has been selected, and three bits to identify which clock 
has been selected. Field 9 comprises eight bits for 
indicating the status of a printed board assembly such as 
a card 212 for each of eight corresponding slots. Field 
10 comprises eight bits for indicating the presence of a 
printed board assembly such as a card 212 in each of 
eight corresponding slots. 

Field 11 comprises eight bits, one for indicating 
that a mismatched plane assignment was detected, one for 
indicating which plane 2 01a-b was selected, one for 
indicating that a system-slot-installed bit was received, 
one for indicating that an SFI plane alignment error was 
generated, one for indicating the loss of the selected 
8 kHz clock, one for indicating an alarm from a bus 
control module 210a-b, and one for indicating that a BIP 
error was detected. Field 12 comprises four bits for 
providing BIP checking. Field 13, which comprises 1.5 
bits, is forced to zero in order to allow synchronization 
for a following frame. 
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FIGURE 5 is a flow diagram illustrating a 



method for distributing a synchronization signal 224 in a 
telecommunications network such as the network 10 in 
accordance with one embodiment of the present invention. 
The method begins at step 400 where a timing generator 
generates a synchronization signal 224. In step 402, the 
timing generator distributes the synchronization signal 
224 to an upper level distribution module. 

In step 404, the upper level distribution module 
modifies the synchronization signal 224. For example, 
the upper level distribution module inserts a most 
significant nibble for a shelf identifier into the signal 
224. The upper level distribution module inserts a 
different value for the shelf identifier for each 
downstream intermediate level distribution module. Thus, 
in step 406, the upper level distribution module 
distributes a different synchronization signal 224 to 
each of a plurality of intermediate level distribution 
modules . 

In step 408, each intermediate level distribution 
module modifies the synchronization signal 224 from the 
upper level distribution module. For example, an 

intermediate level distribution module inserts a second 
nibble for the shelf identifier into the signal 224. A 
different value for the shelf identifier is inserted for 
each downstream lower level distribution module. Thus, 
in step 410, each intermediate level distribution module 
distributes a different synchronization signal 224 to 
each of a plurality of lower level distribution modules. 



DAL01:514969.1 



ATTORNEY ' S ^ 
1130-00 
(036560 . 6701) 




KET 




ENT APPLICATION 



33 



In step 412, each lower level distribution module 
modifies the synchronization signal 224 from the 



each lower level distribution module inserts a least 
significant nibble for the shelf identifier into the 
signal 224. A different value for the shelf identifier 
is inserted for each downstream bus control module. 
Thus, in step 414, each lower level distribution module 
distributes a different synchronization signal 224 to 
each of a plurality of bus control modules. In step 416, 
each bus control module distributes a unique 
synchronization signal 224, including a unique shelf 
identifier, to each card inserted into the shelf 
comprising the bus control module. Thus, each card is 
synchronized based on a signal 224 from a central 
location. In addition, each card receives control 

information from the central location regarding the 
performance of specified functions by the card for the 
system. 

FIGURE 6 is a flow diagram illustrating a method for 
providing a feedback signal 228 in a telecommunications 
network such as the network 10 in accordance with one 
embodiment of the present invention. The method begins 
at step 500 where a plurality of bus control modules 
generate a feedback signal 228 based on status 
information, such as alarm signals, from a plurality of 
cards for each bus control module. In step 502, the bus 
control modules provide the feedback signal 22 8 to a 
plurality of lower level distribution modules. 



intermediate level distribution module. 



For example, 
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In step 504, the lower level distribution modules 
modify the feedback signal 228 by inserting status 
information for the lower level distribution modules into 
the signal 228. In step 506, the lower level 

5 distribution modules provide the feedback signal 228 to a 

plurality of intermediate level distribution modules. 

In step 508, the intermediate level distribution 
modules modify the feedback signal 228 by inserting 
status information for the intermediate level 
10 distribution modules into the signal 228. In step 510, 

i;3 the intermediate level distribution modules provide the 

in feedback signal 22 8 to an upper level distribution 

module . 

e = In step 512, the upper level distribution module 

\t 15 modifies the feedback signal 228 by inserting status 

k information for the upper level distribution module into 

O 

jj the signal 228. In step -514, the upper level 

Yi distribution module provides the feedback signal 228 to a 

Q timing generator. 

2 0 The timing generator may then provide the feedback 

signal 22 8 to a controller which may respond to the 
status information in the feedback signal 228. Thus, 
each card and module may provide feedback information to 
a central location by adding to the signal 228. 
2 5 Although an embodiment of the invention and its 

advantages are described in detail, a person skilled in 
the art could make various alternations, additions, and 
omissions without departing from the spirit and scope of 
the present invention as defined by the appended claims. 



DAL01:514969.1 



